Objectives: While the use of formal trauma teams is widely promoted, the literature is not clear that this structure provides improved outcomes over emergency physician delivered trauma care. The goal of this investigation was to examine if a trauma team model with a formalized, specialty-based trauma team, with specific activation criteria and staff composition, performs differently than an emergency physician delivered model. Our primary outcome was survival to discharge or 30 days. Methods: An observational registry-based study using aggregate data from both the New Brunswick and Nova Scotia trauma registries was performed with data from April 1, 2011 to March 31, 2013. Inclusion criteria included patients 16 years-old and older who had an Injury Severity Score greater than 12, who suffered a kinetic injury and arrived with signs of life to a level-1 trauma centre. Results: 266 patients from the trauma team model and 111 from the emergency physician model were compared. No difference was found in the primary outcome of proportion of survival to discharge or 30 days between the two systems (0.88, n = 266 vs. 0.89, n = 111; p = 0.8608). Conclusions: We were unable to detect any difference in survival between a trauma team and an emergency physician delivered model.
INTRODUCTION
Trauma is the leading cause of death in Canadians aged 1-44. 1 The World Health Organization has cited injury as the leading cause of death and disability in persons less than 60 years of age worldwide. 2 Daily, more than 10,000 Canadians experience injuries requiring medical attention, 91.9% of whom visit an emergency department (ED), 6% are hospitalized, 1.6% are left partially or fully disabled, and 0.4% die. 3 This leads to an annual economic burden of 26.8 billion CAD in both direct and indirect costs. 3 Inclusive trauma systems are designed to provide coordinated, preplanned, and organized injury control efforts within a defined geographic area. 4 These systems have a lead agency and deliver a full spectrum of care-from emergency medical services through to rehabilitation and return to work and home. 4 Additionally, these inclusive trauma systems conduct injury surveillance, reporting, and prevention programs, as well as research, training, and performance improvement. 4 Numerous studies have demonstrated that the implementation of a trauma system decreases the rate of mortality both internationally [5] [6] [7] [8] [9] [10] [11] and within Canada. 12 The Canadian Trauma System Accreditation Guidelines include a number of criteria that trauma systems have to achieve in various domains, including the system as a whole, emergency medical services, and individual trauma centres. 13 The neighbouring Atlantic Canadian provinces of Nova Scotia and New Brunswick are similar in terms of population and demographics and thus provide a natural experiment to compare differences in trauma centres. 14 They have separate and independent provincial trauma systems but use different models of initial care in their level-1 trauma centre. At these trauma centres, there are various differences in how trauma care is delivered. At the level-1 trauma centre in Nova Scotia, major traumas are assessed and treated by a formal trauma team with a trauma team leader, various surgical specialists, allied health professionals, and support staff. The trauma team has predetermined activation criteria based on physiological, anatomical, mechanism, and logistical factors. 15 Alternatively, initial trauma care in New Brunswick is delivered by emergency physicians, with further support provided on a service-by-service model, where the emergency physician consults specialty services, allied health professionals, and support staff as needed. These preexisting differences in models of care provided an opportunity to make comparisons between this aspect of trauma care.
The goal of our study was to compare structure, process, and outcome measures between a trauma team-based model in Halifax, Nova Scotia, and an emergency physician delivered model in Saint John, New Brunswick. For the purpose of this study, the model in Nova Scotia will be referred to as the trauma team model (TTM), while and the model in New Brunswick will be referred to as the emergency physician model (EPM). The null hypothesis was that differences in trauma care between EDM and TTM patients do not affect survival to 30 days or discharge.
METHODS

Study design
This was an observational registry-based study using aggregate data from both the New Brunswick and Nova Scotia trauma registries. These trauma registries collect a wide range of data relevant to the nature of the incident, patient demographics, patient care, and patient outcomes. Data are collected through a multilayered system in which multiple sources of data are searched for patients who meet inclusion criteria for each of the two programs. Each trauma registry performs quality checks and collects information from several sources to ensure that all major trauma cases are captured. Trauma data are entered into the registry database by a team of qualified healthcare professionals, including nurses, health records personnel, and paramedics. For this study, the data were extracted by the data custodians of each trauma program and analyzed in situ. The results of these analyses were then pooled and compared.
Study permissions, ethical support and data protection
All data processing was carried out by personnel with current host institution data protection training, using encrypted media on a dedicated secure server in the host trauma program. Horizon Health Network is the registered data custodian for the New Brunswick Trauma Registry and uses systems that are compliant with current data-protection legislation. 16 
Selection of participants
Patient data were extracted from the provincial trauma registries, each of which have the same inclusion criteria. 17, 18 Data were extracted over a two-year period (1 April 2011 to 31 March 2013). This time period was chosen since it was the longest recent period of complete data held by both registries. We included all trauma patients aged 16 years and older with an injury severity score (ISS) >12 (defined by AIS-2005) who suffered a kinetic injury (defined by International Statistical Classification of Diseases and Related Health Problems, 10th Revision [ICD-10] codes V01-W64 and X85-Y09) and arrived with signs of life directly to a level-1 trauma centre either via emergency medical services or as a walk-in. Excluded were inter-facility transfers, patients who arrived at hospital with absent vital signs and no resuscitative attempt in the ED, and children (age <16), as there is a dedicated paediatric hospital in Nova Scotia, but not in New Brunswick.
Setting
New Brunswick is a province of 751,171 people, 53% of whom live in an urban area. 1 The province's trauma system consists of one level-1 trauma centre, one level-2 trauma centre, six level-3 trauma centres, and 12 level-5 trauma centres. 19 The SJRH is the level-1 trauma centre for the province and is located in Saint John in southern New Brunswick. The SJRH is a hybrid community and teaching hospital with approximately 445 beds and 33,000 adult visits (56,000 total visits) to the ED each year. 20,21 Over the course of the study, an average of 137 patients with an ISS >12 were seen per year, including patients transferred in. Trauma care at the SJRH has evolved from a traditional model and is primarily delivered by emergency physicians, with additional consultant services delivered by specialty staff or residents who are called as required.
Nova Scotia has a population of 921,727, with an urban population of 57%. 1 The trauma system in Nova Scotia is composed of two tertiary-care hospitals: the QEII HSC and the IWK Health Centre (IWK). 17 The QEII HSC handles all adult emergency cases, whereas the adjacent IWK serves as the paediatric referral hospital. The QEII HSC is a university teaching hospital with 685 beds and approximately 55,000 adult visits per year to the ED. 21 Over the course of the study, an average of 351 patients with an ISS >12 were seen per year, including patients transferred in. The QEII HSC operates a trauma team with formalized activation criteria based on physiological, anatomical, mechanism, and logistical factors. 15 The team consists of the trauma team leader and resident trauma team leader, who are called for every trauma that meets the criteria, on a provincial basis. Trauma team leaders at this site are physicians from various specialties, including emergency medicine, anaesthesia, neurosurgery, orthopedics, critical care, and general surgery. This is in line with a number of other trauma centres in Canada, where a combination of surgical, emergency, and other specialties are trauma team leaders. 22 Additionally, the following services are paged: radiology and senior surgical residents, as well as residents from orthopaedics, plastic surgery, neurosurgery, and anaesthesia. Allied health services include respiratory therapy, portable x-ray technicians, computed tomography (CT) technicians, paramedics, social workers, nursing administration, ED registration clerks, and porters.
Methods of measurement
For each study participant, the following data were extracted from the registry database: trauma team activation, demographic data (age, sex); injury characteristics (injury type [blunt vs. penetrating], mechanism of injury [by ICD-10 code], ISS); arrival time to the ED; transfusion of blood products; time to CT scan; transfer to operating room; length of stay in ED to operating room; survival to 30 days or discharge; discharge disposition; number of days ventilated; length of intensive care unit (ICU) stay; and length of hospital stay.
Outcome measures
The primary outcome examined was survival to discharge or 30 days, whichever came first. Secondary outcomes included five in-hospital process indicators and four additional outcomes.
The five in-hospital process indicators that were analyzed between the two systems included: the proportion of patients who received transfusions, the time to CT, the proportion of patients with severe head injury who received a head CT scan within an hour, the proportion of patients transferred directly to the operating room (OR), and the time from ED to OR.
The four outcomes examined in the two systems included: discharge disposition, number of days ventilated, length of ICU stay, and length of hospital stay.
Data analysis
Case data were compared between the TTM and EPM groups in three different categories: population, process indicators, and outcomes. Within these categories, cases were stratified by their ISS into three groups: all patients, patients with an ISS of 13-24, and patients with an ISS >24.
Basic comparisons were performed using GraphPad QuickCalcs (Graphpad Software Inc., La Jolla, CA), and an α level of 0.05 was chosen. The calculations and regression analyses were done with the R Statistical Package (v. 3.3.2; The R Foundation for Statistical Computing, Vienna, Austria).
To be able to account for the differences between and within categories of data, we performed a multivariate mixed log-regression test with: two groups (TTM and EPM), nine independent variables (injury type, age distribution, sex, direct ED to OR, head CT in <1 hour with severe head injury, ISS distribution, survival, trauma team activation, transfusion), and the outcome given by the differences between the TTM and EPM groups. A small effect size (f 2 = 0.10) and a significant size difference of slopes fixed at 0.05 gave a power of 78% for a sample size of 266 from the TTM and 111 from the EPM groups. Continuous data were analyzed using Student's t-test. This simple parametric hypothesis testing was employed to identify significant differences between injury severity, time to CT, time from ED to OR, length of stay in hospital, length of stay in the ICU, and days ventilated.
A Fisher's exact test was utilized to compare categorical data. This simple nonparametric hypothesis test was used to identify significant differences between gender, mechanism of injury, trauma team activation, transfusions, CT in those with severe head injuries, direct transfer to the OR from the ED, survival to 30 days or discharge, as well as overall survival.
RESULTS
Population
A total of 266 cases met the inclusion criteria and arrived to hospital alive in the TTM group compared with 111 in the EPM group (Figure 1) .
Population characteristics were similar, other than differences in the mechanism of injury and activation of the trauma team ( Table 1 ). The TTM group had a significantly higher proportion of transport-related injuries than the EPM group (0.45, n = 266 vs. 0.32, n = 111; p = 0.0213). In comparison, the TTM group had a significantly smaller proportion of fall-related injuries than the EPM group (0.39, n = 266 vs. 0.51, n = 111; p = 0.0305). The trauma team was activated in half of all major trauma cases in the TTM group.
Process indicators
Many of the observable differences between the two systems came in the process indicator data (Table 2) . Overall, there was a significant difference in the proportion of patients who received transfusions in the ED. The TTM group had a greater proportion of patients receiving transfusion of blood products than in the EPM group (0.16, n = 266 vs. 0.06, n = 111; p = 0.0117). On subgroup analysis, those patients with severe injuries also received a significantly different proportion of transfusions. Again, those in the TTM group received more transfusions than those in the EPM group (0.28, n = 79 vs. 0.06, n = 33; p = 0.0109).
Differences in mean time to CT between the TTM and EPM groups did not reach statistical significance (88.6 min, n = 178 vs. 110.1 min, n = 85; p = 0.0946). However, in subgroup analysis there was a significant difference in mean time to CT among those patients in the moderate severity group, with the TTM patients receiving CT scans faster than the EPM patients (91.9 min, n = 123 vs. 126.4 min, n = 58; p = 0.0385).
The proportion of patients with a severe head injury who received a head CT within an hour of arrival to the ED was also examined. Severe head injury was defined using two criteria. First, the patient must have had an Abbreviated Injury Scale (AIS) head score >2. Second, the patient must have had a recorded Glasgow Coma Scale (GCS) score <9 on the scene or upon arrival to ED, or have been intubated or ventilated on the scene or on arrival to the ED. In this group of severely headinjured patients, a greater proportion received a head CT within an hour in the TTM compared to the EPM group (0.80, n = 35 vs. 0.50, n = 22; p = 0.0226). Patient transfers to the OR from the ED were also analyzed for both the proportion of direct transfers and time to OR. Overall, TTM patients went to the OR directly more often than EPM patients (0.27, n = 266 vs. 0.11, n = 111; p = 0.0004). Patients in the moderate severity group also went directly to the OR more often in the TTM than in the EPM group (0.23, n = 187 vs. 0.06, n = 78; p = 0.0009). There was no difference for severely injured patients (0.37, n = 79 vs. 0.21, n = 33; p = 0.1254). However, for patients who did go directly to the OR from the ED, there was no statistically significant difference in terms of process time.
Primary outcomes
When examining the primary outcome (Table 3) , there was no difference in the proportion of patients who survived to discharge or 30 days between the TTM and EPM groups (0.88, n = 266 vs. 0.89, n = 111; p = 0.8608) ( Figure 2 ). There were no differences between the TTM and EPM groups in the proportion of patients discharged home (0.72, n = 230 vs. 0.76, n = 95; p = 0.4948), or mean time spent in the hospital (23.5 days, n = 249 vs. 16.9 days, n = 108; p = 0.2703), ICU length of stay (6.7 days, n = 74 vs. 6.3 days, n = 61; p = 0.7184), or time ventilated (5.2 days, n = 65 vs. 4.1 days, n = 29; p = 0.3587).
A regression was performed on statistically significant data (direct ED to OR, head CT in <1 hour with severe head injury, trauma team activation, and transfusion), aggregated, and normalized. The dependent variable (outcomes) showed statistically nonsignificant differences between the TTM and the EPM groups, a finding supported by the previously presented output of the multivariate mixed log-regression test.
DISCUSSION
The goal of this study was to determine if there was a difference in outcomes between a model of trauma care with a formalized trauma team having set activation criteria and a trauma model with emergency physiciandelivered care. The study was powered at 78% and did not disprove the null hypothesis, and no differences between the TTM and EPM groups were observed for any of the primary outcome measures, including survival to 30 days, or for the secondary outcomes of discharge disposition, length of hospital or ICU stay, or duration of ventilation.
Published reports regarding the clinical effectiveness of differently composed trauma teams have revealed varying results. A study by Khetarpal et al. 23 in 1999 found that the presence of a trauma surgeon on the trauma team decreased resuscitation time and time to incision, but this had no effect on mortality. A study by Durham et al. 24 in 2005 showed that implementation of in-house call of a trauma surgeon attending present for resuscitation showed no change in length of hospital stay, length of stay in the ICU, days ventilated, or overall mortality; however, it did show a decrease in preventable deaths. A review by Green et al. 25 in 2006 determined that there was a lack of evidence to support the premise that trauma outcomes improve with the routine presence of a trauma surgeon on patient arrival. A 2005 study by Ahmed et al. 26 demonstrated no difference in outcome between patients with surgical trauma leads or nonsurgical trauma leads. However, a study by Petrie et al. 27 in 1996 showed that activation of the trauma team led to improved outcomes of trauma patients compared to when the trauma team was not activated.
Despite the lack of difference in outcomes, there were several differences between the systems for certain process indicators, either overall or in subgroup analysis. These differences all favoured the TTM, with a greater proportion of patients receiving transfusions, shorter times to completing full-body CT, a greater proportion of those with head injuries receiving head Figure 2 . Survival to discharge or 30 days. There was no difference in the proportion of patients who survived to discharge or 30 days between the TTM and the EPM groups (0.88, n = 266 vs. 0.89, n = 111; p = 0.8608).
CT within an hour, and a greater proportion of patients transferred directly to the OR. As noted, despite the favourable performance of the TTM for these process indicators, there were no observable differences in patient outcomes. Overall, our regional interprovincial findings confirm the conclusions of previously published studies which have reported that, although formal specialty-based trauma team systems may improve such markers of care as time to investigation or time to operative intervention, these systemic differences may not equate to improvements in patient outcome. [23] [24] [25] 28 The published literature, in line with our study, suggests that there are measurable benefits with expert-based trauma care, but it does not differentiate between emergency physician-and specialty-based trauma team models. What is clearly important is that patients receive quality care in a timely manner.
